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Abstract — Movements of fish, in particular roach Rutilus rutilus, perch
Perca fluviatilis, radd Scardinius erythrophthalmus, bleak Alburnus
alburnus and chub Leuciscus cephalus (age > 1+) in relation to
environmental variables were examined between the River Morava,
Czech Republic, and a rehabilitated former meander. Data were taken
over seven 24-h periods in April-June 1997 using two back-to-back
traps. Of 170 fish captured, 70% moved from the backwater to the river.
Diel activity differed between sampling dates, but overall bleak, roach
and chub moved mainly between dusk and dawn, whereas perch moved
throughout most of the day. Rudd showed bi-modal (mid-day,
midnight) activity. However, avoidance behaviour could have biased
results for species known to be wary of traps. Water level changes,
temperature and illumination were among the main environmental
factors influencing fish movement, along with spawning migrations
relevant for most species. In all specimens, over 65% individuals
captured were ready to spawn. Most of them, except for perch, were
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Introduction

River backwaters, including those permanently
connected to a main river channel, are known
to be important components of fluvial systems
(Amoros & Roux 1988; Schiemer 1999). Within
the river system, fish undertake a wide range of
movements and/or migrations during their onto-
geny, exploiting all available parts of the system
(Jungwirth et al. 1998). Although attention is
regularly devoted to migratory fish (Baras 1997;
Povz 1988), the movements of species, considered
as nonmigratory, have received less study until
recently (Manteifel et al. 1978; Schmutz et al.
1995; Clough & Beaumont 1998; Lucas et al.
1998; Prignon et al. 1998). In most of the studies,
movement along the longitudinal river profile is
targeted (Schmutz et al. 1995; Jungwirth et al.
1998); however, lateral movements of fish

between the river system water bodies have
received much less interest in Europe (Bouvet
et al. 1985; Kwak 1988; Baade & Fredrich
1998; Molls 1999; Grift et al. 2001). In Europe,
some attention has been devoted to the impor-
tance of connectivity to the maintenance and
restoration of floodplain ecological function
(Amoros & Roux 1988; Schmutz & Jungwirth
1999). Little is known of the environmental fac-
tors that incite or influence the migration of fish
between a river and its floodplain.

In the upper course of the River Morava, Czech
Republic, river straightening in the 1970s isolated
most of its natural meanders. Recently, some
meanders have been reconnected and revitalised
(Machar 1996). One such restoration effort
was undertaken in the 1990s at Kurfiirst, where
a former meander was dredged (to remove
silt deposits) and its permanent downstream
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connection to the Morava improved. The Kur-
first backwater is known to be a fish spawning,
nursery and foraging area (e.g., Penaz & Jurajda
1993; Hohausova 2000). Intensive movement of
>1+ fish within the former meander has been
revealed by fish marking (Hohausova 2000), with
remarkably high exchange rates of fish between
the river and its backwater.

The first aim of the present study was to deter-
mine the frequency, intensity and diel character of
movements of fish species between the lentic
habitat of the Kurfiirst backwater and the River
Morava via the river—backwater (‘r—b’) connec-
tion. We hypothesised that environmental gradi-
ents between the two habitats may influence the
observed displacement behaviour. For some vari-
ables, e.g., conductivity, there is a wide difference
in values between the river and the backwater.
Such a difference can be assumed to play a signal
role for fish searching for various habitats along
the river system. For example, weak water gra-
dients have strong effect on cyprinid fish beha-
viour (Mann & Bass 1997; Gozlan 1998). Thus,
our second aim was to evaluate how the steepness
and the direction of the gradients (river to back-
water or reverse) influence fish migratory activity
between the two water bodies. Our specific objec-
tives were to measure the: (1) main physical (water
temperature, conductivity, velocity), chemical
(pH, oxygen concentration) and biological (zoo-
plankton density) gradients prevalent in the con-
nection over 24-h periods; (2) numbers and sizes
of fish by species moving through the ‘r—b’ con-

nection; and (3) patterns of movement over the
diel cycle and any correlations with the environ-
mental variables measured.

Study area, material and methods

The Kurfiirst backwater (1.2 ha) is located on the
left bank of the River Morava (between river 244
and 245km, altitude 200 ma.s.l., mean annual
temperature 7.2°C). The backwater contains a
wide range of refuges, including submerged woody
debris and aquatic vegetation (mainly Cerato-
phyllum, Callitriche, Batrachium, Myriophyllum),
which covered up to 50% of the backwater at the
height of the growing season. The backwater’s
substratum is soft mud on solid gravel. During the
year, water level (mean depth =1m) usually var-
ies within a 2-m range in response to fluctuation of
river discharge. The adjacent section of the River
Morava is about 10 m wide, the banks partly
enforced by boulders. The substratum in the pools
is silt with stones and in riffles is a mix of sand and
gravel. Mean annual dischar3ge is 11m’s™', with
the minimum recorded 2.5m’s ™. Discharge dur-
ing the study period varied from 2.7 to 13m>s ™.
The connection between the river and the back-
water’s downstream end (Fig. 1) represents a tran-
sition zone between the two habitats. It has a V-
shape cross-section, and is about 3 m long and 2—
3m wide (depending on river discharge). During
the study, minimum water depth in the ‘r-b’
connection was around 15cm. The bottom sub-
strate was fine mud with occasional large stones

point-transects

backwater .
connection
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point W .2 B, .8 1 14,
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A B c D

Kurfiirst backwater _
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Fig. 1. Map of the study site, the ‘r—b’ connection between the River Morava and the Kurfirst backwater (Czech Republic), with traps,
sampling points (water chemistry — numbered — and available zooplankton prey) indicated.
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and the banks were composed of mud and stones,
covered by short terrestrial vegetation. Shrubs
partly shaded the connection in morning and
evening hours.

Fish and environmental variables were sampled
during seven 26-h sampling periods, once every 10
days between 24 April and 27 June 1997, every 2h
from 10.00h of the first day to 12.00h of the
following day. Field studies were interrupted in
July by a 100-year summer flood of the River
Morava.

Fish moving out of, or into, the backwater were
captured using two funnel-shaped traps, which
were placed back-to-back in the middle of the ‘r—
b’ connection (Fig. 1), with their openings facing
the backwater (trap out — A) and the river (trap in
— B), respectively. The position of traps midway
along the connection ensured that captured speci-
mens were undertaking a movement through the
connection. The traps’ frame was constructed of
iron rods (H=56, D=73, W=103cm; mouth
opening: H =36, W=12), covered on the outside
by dark green wire-netting (15 mm mesh) and on
the inside with fine, black cloth (2mm mesh) to
avoid injury to fish. The top of each trap was fitted
with a door through which fish were collected.
The traps were fitted with wing nets (8§ mm mesh)
to close the space between the traps and the banks
and lead fish entering the connection towards the
trap’s mouth. Upon collection, fish were imme-
diately identified and measured for standard
length (SL), and released back into the water
on the opposite side of the net into which they
had entered.

Some species of fish (e.g., bream, roach, bleak)
have been observed to avoid traps, whereas others
(e.g., perch, pike, eel) are attracted to them
(Kubecka 1992). These behaviours are poorly
understood and it is difficult to assess whether
(or how much) they influenced our observations.
We suspect that chub and bleak were wary of the
traps, as they were occasionally observed to
inspect the out-trap (trap A) several times before
eventually being caught (trying to leave the back-
water), and chub occasionally attempted to jump
over the out-trap.

Along with fish collecting, illumination (lux),
the direction of surface water movement and its
velocity were recorded at a fixed point in the ‘r—b’
connection. Illumination was measured with Tux-
meter. Surface water velocity and direction were
assessed using a wooden float and a stop watch to
measure the time needed for the float to move
0.5m. Water depth, temperature, pH, conductiv-
ity and oxygen were measured at 17 fixed points
inside and around the ‘r—b’ connection (Fig. 1) to
determine gradients in water character between

the two habitats. Points were split into six trans-
ects A—F (Fig.1). Four inside transects B-E
(points 4—15, three points per transect) described
the ‘r—b’ connection itself, transect A (points 1-3)
was situated in the backwater near the connection
and transect F (points 16—17) described the river.
The distance between transects was approxi-
mately 75cm, except between groups E and F
(150 cm) due to limited access to the river. Avail-
able zooplankton prey was estimated at two hour
intervals from two 10-1 samples of water collected,
one from each end of the connection (Fig.1).
Water samples were taken with a 10-1 bucket
hauled through the water column from near the
bottom to the surface without touching the bot-
tom. The water was filtered through a plankton
net (0.5-mm mesh), and the material fixed in 4%
formaldehyde. The daily patterns of prey organ-
ism occurrence were combined across dates for
analyses, treating individual days as replicates.

For each 2-h interval, a mean for each sample
point (each of 1-17) was calculated from the
variable values measured at the start and end of
that interval. Then, for that interval the mean was
calculated for each transect (A—F). The gradient
of mean values along the connection (from trans-
ects’ means) was obtained for each variable. The
gradients were mostly parabolic or of a similar
shape, so they were split into two sections
(approximate lines), or ‘semigradients’, each
representing one-half the length of the connection
(means of A—C and means of C-F). The semi-
gradients were subsequently described using the
slope parameter beta (ff) from linear regression
analysis. Semigradient slopes closer to backwater
were calculated from the means from transects A—
C and those closer to the river from transects C—F.
Fish entering the connection would come into
contact with the nearest conditions only, so the
influence of values nearest a fish (on its decision to
move through the connection) was presumed to
be greater than values at the opposite side of the
connection. Thus, the semigradients were related
to fish entering the connection from the relevant
side. A negative slope indicates values increasing
from the middle to the edge of the connection (i.e.,
they are increasing toward fish on that edge) and
fish entering the connection are following gradient
of decrease. With positive sign fish were following
a gradient of increase.

Darkness varied with season, from about 20.00
to 04.00 hin April and from about 21.00 to 03.00 h
in June. Mean night length was used to show
overall fish activity.

Mann—Whitney U tests were used to compare
semigradient values in which fish passed through
the connection in one direction with those in
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which no fish were observed to move in that
direction. The lengths of fish moving in opposite
directions were also compared with the Mann—
Whitney test. Wilcoxon signed-rank tests were
used to compare zooplankton densities between
the river and the backwater and to compare fish
numbers between directions of movement. Cor-
relation analyses were used to identify relation-
ships between the numbers of fish moving and
water character variables (water level fluctuation,
illumination and overall temperature), between
invertebrate densities and all the variables and
between fish numbers and invertebrate densities.
Regression was used to show relationships
between fish length and sampling date and thus
reveal potential seasonal size-dependent patterns
of migratory activity. The proportions of ripe fish
moving to the river and to the backwater were
compared using chi-square analyses. Kruskal—
Wallis tests compared differences in fish lengths
between sampling dates. The temporal pattern of
movement activity of specimens with spawning
marks and those nonspawning ones was com-
pared using Kolmogorov—Smirnov test. Those

fish, which were releasing either eggs or milt
(spontaneously or when slightly squeezed) or
showing spawning tubercles on the body, were
considered as ripe to spawn.

Results

Gradients existed between the river and the back-
water in water velocity (mean of 1ms™' in the
river versus none or very slight in the backwater),
conductivity and temperature (both higher in the
backwater) and in pH (higher in the river). There
was no clear trend in dissolved oxygen concentra-
tions. Mean differences in variables between the
river and backwater were: 261 uScm ', 1.1°C, 0.5
pH units and 19mgDOIl!, respectively
(Table1). Semigradients (slope parameter J)
revealed high variability across the connection
(Table 2). The surface water velocity in the ‘r-b’
connection varied around 0.05ms~', rarely
reaching 0.1 ms~ " in either direction.

Water character within the ‘r—b’ connection did
not differ from that of the backwater during most
(91.8%) sampling intervals. In contrast, the river

Table1. Mean, minimum (min), maximum (max) and standard deviation (SD) for conductivity, dissolved oxygen, temperature and pH measured in the river—backwater

('r—b’) connection, Kurfiirst backwater, River Morava (Czech Republic) in 1997.

Conductivity (1S cm™) Dissolved oxygen (mg I Temperature (°C) pH

Date Mean Min Max  SD Mean Min Max SD Mean Min Max SD Mean  Min Max SD

2425 April 3656 204 454 9165 19 89 159 1.09 8.1 6.0 99 092 86 71 75 0.32
5-6 May 3589 156 531 146.58 12 88 149 143 129 10.2 149 1.31 78 72 74 013
15—16 May 450.7 237 566  117.33 74 40 127 155 16.5 149 187 105 177 69 71 0.20
26—27 May 4812 264 528  76.82 90 73 107 0.81 12.3 12 139 0.69 76 69 71 014
5-6 June 4926 245 553 9021 95 78 17 0.88 149 134 16.5 0.79 79 70 72 0.19
16—17 June 4842 257 537 8513 91 64 125 141 16.4 14.3 194 135 87 70 73 0.36
2627 June 5539 226 639 12335 not measured 12.8 109 145 0.87 87 6.7 72 046

Data were taken at 17 fixed points at 14 two hour intervals over seven 24-h periods.

Table 2. Mean, minimum and maximum of semigradients (j-slope values) calculated from variables measured on both sides of the river—backwater (T—b’) connection,

Kurfiirst backwater, River Morava.

Conductivity (1S cm™Y Dissolved oxygen (mg 1~ Temperature (°C) pH
Mean Min Max Mean Min Max Mean Min Max Mean Min Max

Direction: from backwater to river (backwater side of the connection)

ALL —314 —5517 550 0.07 —053 105 —005 —048 016 —0.01 —018 0.06

Rutilus rutilus -451 —2850 167 —001 —0.31 0.32 —001 —015 0.16 0.01 —003 004

Leuciscus cephalus 524  —2850 133 0.19 —0.31 105 —-0.02 —0.10 013 0.00 —004 0.03

Perca fluviatilis -8.16 —44.83 167 004 —025 057 —004 —042 016 0.01 —003 0.05

Alburnus alburnus -1282 3017 0.75 0.06 —0.31 057 —003 —008 001 002 —002 0.05
Direction: from river to backwater (river side of the connection)

ALL 12139 029 18142 013 —113 137 0.19 —044 131 —0.20 —047 0.00

Rutilus rutilus m.27 3533 180.33 025 —005 068 0.38 —013 131 —013 —0.25 —001

Perca fluviatilis 9112 029 16254 0.08 —064 076 044 —005 130 —014 —027 0.00

Scardinius erythroph 13596 12008 16254 019 —064 086 0.54 0.00 1.31 —018 —0.27 —0.01

First row (ALL) gives a total range of all gradients found on the each side of the connection, irrespective of fish presence or absence. Subsequent rows are gradient ranges in
which each of four main species passed through the connection. Positive sign indicates slope decreasing from the middle to the edge of the connection, i.e., fish were following a
gradient of increase; negative sign indicates fish were following a gradient of decrease.
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Fig. 2. Changes in environmental variables measured in the ‘r—b’ connection (Kurfiirst backwater — River Morava) each sampling hour
for 24-25 April and 5-6 May 1997. Water current direction is indicated with arrows ((«—) from the river to the backwater, (—) from the
backwater to the river), illumination with bars: (ll) night hours (0-250 lux), (%) twilight (dusk, dawn; 2504800 lux) and ([]) day-time
(>600 lux). The two sampling dates are presented to show examples of the variety of slopes of measured variables between the two

environments.

rarely (8.2% of cases) influenced water character
in the connection (Fig.2; Table 1).

The highest daily values of illumination varied
from approximately 5000 to 56,000 lux. During
dusk and dawn, values ranged from <250-4800
lux. Overnight, temperatures in the connection
and the backwater often approached the river
values (Fig. 2). Relative fluctuation of water depth
in the connection was 0.7-13.5cm within parti-
cular sampling and 1-43 cm between the sampling
dates. Absolute water depth ranged from 15 to
80cm (Fig. 3).

Samples for prey availability to the fish revealed
low mean densities (Fig. 3). On both sides of the
connection, the main taxa of potential prey were
copepods (mean =0.4inds.1” " in the river, SD =
0.57and0.72 inds. 1" 'in the backwater,SD = 1.39),
rotifers (0.1; 0.12 and 0.11; 0.17), cladocerans
(0.08; 0.15 and 0.12; 0.23), oligochates (0.06;
0.11 and 0.02; 0.07) and chironomids (0.02;

0.05 and 0.02; 0.05). High proportions (33—
100%) were of animals <Imm in length (on
average 75.8% in the backwater, 78.3% in the
river). No regular diel pattern was found in occur-
rence of any potential prey type, except perhaps
lower densities of Cladocera around mid-day. The
overall densities of potential prey in the back-
water (mean = 2 items 1~ ") and in the river (mean -
=1.3items1™") differed marginally (Wilcoxon,
Z=-1.93, n=98, P=0.053). However, the den-
sities of the most abundant invertebrates, cope-
pods, were significantly greater in the backwater
(Wilcoxon, Z=-2.93, n=98, P=0.034).

A total of 170 fish, representing 14 species, were
captured during the seven sampling dates, with
perch Perca fluviatilis, roach Rutilus rutilus, bleak
Alburnus alburnus, chub Leuciscus cephalus and
rudd Scardinius erythrophthalmus being recorded
in sufficient number for further analysis. Pike
Esox lucius (6inds.), common bream Abramis
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Fig.3. Mean water depth (cm), mean temperature (°C), the number of fish observed moving between the River Morava and the
Kurfirst backwater (Czech Republic) from April to June 1997 and mean zooplankton density per sampling date with standard

deviation indicated.

brama (6 inds.), silver bream Blicca bjoerkna
(41inds.), dace Leuciscus leuciscus (3 inds.), nase
Chondrostoma nasus (2inds.), gudgeon Gobio
gobio (1 ind.), Pseudorasbora parva (1 ind.) and
goldfish Carassius auratus (1 ind.) were trapped
occasionally. Fish moved through the connection
in both directions, with 70% of fish moving from
the backwater to the river (Fig. 3).

Considering only analysed species, more fish
(58.3%) moved from the backwater to the river
than in the opposite direction, though this was not
significant (Wilcoxon). Overall, more perch
(71.4%) and roach (67.4%) moved into the river
than into the backwater (Fig. 4A), with bleak and
chub moving out to the river only, and with rudd
into the backwater only. Roach, bleak and chub
movements were primarily between dusk and
dawn, whereas those of perch occurred through-
out most of the day (Fig.4B). Rudd showed bi-
modal (mid-day and midnight) activity.

Most fish movement was observed between 24
April and 16 May (Fig. 3). Thereafter, a decrease
in river discharge and hence water level occurred,
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and only 22 fish were captured in subsequent
sampling. In the period of low water level, fish
restricted their movement through the connection
mainly to night-time and early morning hours.
The drop in overall fish numbers moving from the
river into the backwater was correlated with a
decrease in water level (r=0.82, d.f.=6,
P =0.023); along with a decrease of potential prey
density (r=0.76, P=0.047). There was a weak
correlation of fish numbers moving into the river
with water level (r=0.65, P=0.11; r=0.72,
P=0.065, respectively). The water level decrease
did not appear to influence water character.
Water temperature and overall fish numbers
were not correlated, regardless of the direction of
movement. Environmental characteristics did not
show any relationship with invertebrate densities.
Correlation between invertebrates densities and
fish numbers was found only for copepods (most
abundant taxon) from river samples and fish
moving from the river to the backwater
(r=0.81, P=0.03). No difference was found
(Mann—Whitney, P> 0.05) between the sets of
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Fig. 4. Numbers of fish moving between the River Morava and the Kurfiirst backwater by species according to date (A) and all dates
combined according to time of date (B). Night hours are represented with dark bars and twilight (dusk, dawn) by hatched bars.

semigradients associated with fish movement and
those without movement, regardless of the direc-
tion of movement (Table 2), suggesting a lack of
preference for any variable and/or particular gra-
dient.

Length—frequency distributions of the fish cap-
tured included a wide range of sizes (SL) (Fig. 5).
The smallest specimens (bleak, chub, perch) were
captured in April and May. Most specimens of
bleak and rudd were 100-150mm SL and 100-
120 mm SL, respectively, whereas a wider range
was observed in roach (70-205mm), perch (60—
250 mm) and chub (30-375mm). None of the
species differed significantly in length between
dates or sampling hours except for roach (Krus-
kal-Wallis, H=21.82, d.f. =5, P <0.001), which
decreased significantly in SL over the course of the
study (* =0.41, P <0.001). The size of roach and
perch leaving the backwater did not differ signifi-

cantly (Mann—Whitney) from those entering it.
No other size-dependent migration activity was
apparent.

Fish captured during the first three samplings
(24 April to 16 May — high water level) were
dominated by individuals ready to spawn. In
perch, there was a significant difference between
proportion of fish ripe to spawn going to the river
(37.1%) and to the backwater (78.6%) (y* = 6.87,
d.f.=1, P=0.009), but not in roach (57 and 43 %,
respectively). Also, 21.1% of bleak and 33.3% of
chub individuals showed spawning marks, only
rudd did not. The temporal pattern of movement
activity of specimens with spawning marks did
not seem to differ from that of other specimens
(Kolmogorov—Smirnov, P >0.05); however, the
low number of fish makes the test tentative. After
the sudden drop of the water level, no fish were
found in spawning condition.
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Fig.5. Length-frequency distributions of fish captured moving between the River Morava and the Kurfiirst backwater according to

date and time of day.

Intensive two-way movements of fish were
observed in the short ‘r—b’ connection between
the main channel of the River Morava and the
Kurfiirst backwater, mainly during spring high
water levels. This coincided with the spawning
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periods of the main species observed, and in
general resembles the lateral spawning migration
reported elsewhere (Welcomme 1985; Molls 1999;
Grift et al. 2001). The considerable decrease in the
water level between 16 and 26 May coincided with
reduced fish movements of all fish species through
the ‘r-b’ connection. This decrease may have
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affected the primarily pelagic living fish (Kwak
1988) such as bleak (Hol¢ik & Bastl 1976). How-
ever, the decline in fish activity towards the end of
May (mainly in perch chub and roach, species
whose spawning is assumed to end in rn1d or late
May, (Barus & Oliva 1995)) was probably also
linked to the cessation of spawning activity and
related energetic costs (Wieser 1991). Although
water depth in this period generally reached
15cm, it did not prevent large fish from passing
through the connection (Fig.5). Water level
changes may limit or allow migration possibilities
(Holcik & Bastl 1976).

[llumination, temperature and current velocity
are among the main external factors considered to
have a substantial influence on fish behaviour
(Alabaster & Robertson 1961; Manteifel et al.
1978; Thorpe 1978). Seasonal periodicity of
migration is associated more with temperature;
diel variations are more dependent on illumina-
tion (Prignon et al. 1998). In the present study,
other environmental variables, such as conductiv-
ity, dissolved oxygen and pH, appeared to have
little influence, which may be attributable to the
low number of fish captured or that the variables
(gradients) measured were not those to which fish
respond. Since none of the ‘other’ measured envir-
onmental gradients correlated with fish move-
ment, it remains unclear which signals attract
the fish to such backwaters, or whether they are
found by the fish through previous experience
(e.g., chemical signals), or simply by accident.
Differential water velocity between a river and
its backwaters is the most plausible factor (North-
cote 1998), as cyprinid fish are known to be
sensitive to weak velocity gradients (Mann & Bass
1997; Gozlan 1998). The mere presence of differ-
ential chemical signals may also play a signal role.

In our study, initiation of fish movement from
the backwater to the river was observed at differ-
ent temperatures than movement from the river to
the backwater. In perch, activity increases around
8 °C (Berglund 1978; Kubecka 1992); however, in
our study their movements from the river to the
backwater coincided with about 6 °C, with move-
ments in the opposite direction at a higher tem-
perature. Roach are known to begin migratory
activity at 8—10°C, with optimal migration tem-
perature in roach and chub being 10-15°C
(Prignon et al. 1998). Elsewhere, these two species
have been observed inactive below about 9°C
(e.g., Travade et al. 1998), which coincides with
the patterns observed for cyprinids in our study,
though activity initiation differed depending on
the direction of movement.

Species may show different activity patterns
during the spawning season than for the rest of

the year (Wootton 1999); however, we found no
difference in the movement behaviour of ripe and
nonripe fish.

Generally, the diel activity of species’ move-
ments through the connection showed differences
from the patterns described in literature. Roach, a
species of continuous activity (Barus & Oliva
1995) with maxima after sunrise and before sunset
(Alabaster & Robertson 1961), performed most of
their movements between afternoon and morning
hours with a decrease around mid-day. In perch,
for which both day-time (Thorpe 1977; Craig
1987) and diel (Maitland & Campbell 1992) activ-
ity has been reported, we observed movement
mainly during day-time but also during darkness
(Fig.4B), though this varied between sampling
days as also reported by Berglund (1978). We
found bleak diel activity to be nocturnal, but in
river reservoirs their activity has been observed to
be diurnal (Vasek et al. 2000). Siegmund (1969)
found rudd to be light-active species, whereas we
observed rudd to be bi-modal (mid-day and mid-
night). Chub is usually observed to migrate
mainly at night (Lucas 2000), with peak between
22.00 and 05.00 h (Prignon et al. 1998), behaviour
we observed in movements out of the backwater.
In contrast to reports from the lower Morava
(Copp & Jurajda 1999) and elsewhere, e.g., for
common bream (Molls 1999; Grift et al. 2001), we
observed no obvious size-dependent migratory
activity of the species.

Abandoned and partially abandoned flood-
plain channels are important reproductive sites
for fish (Bouvet et al. 1985; Amoros & Roux
1988). All the main species we observed probably
spawned in the backwater, based on the numbers
of young larvae captured in a related study (E.
Hohausova, unpublished). However, more fish in
spawning condition were observed to leave the
backwater than to enter it, apart from perch,
which is in contrary with Molls (1999) and Grift
et al. (2001) findings, who observed various spe-
cies entering connected backwaters for spawning.
This could suggest that fish move into the river to
seek other spawning areas due to protracted
spawning (possibly bleak; Barus & Oliva 1995)
or due to lower suitability of the backwater for
spawning (roach, chub). Fish movement out of
the backwater could also be due to high predation
pressure from a dense pike population living in
the backwater (Hohausova 2000).

The near-significant difference of invertebrate
densities between the river and the backwater
suggests a prey gradient between rich food base,
mainly planktonic, in backwaters (Hol¢ik & Bastl
1976; Amoros & Roux 1988) and a much poorer
foodbase in fast flowing rivers. Invertebrates out-
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flowing from the backwater could serve as indica-
tion of food source for fish in the river, at least for
those mostly planktivorous species such as roach,
bleak, rudd or small perch (Barus & Oliva 1995).
The present study has provided support for an
assumption of a previous mark-recapture study
(Hohausova 2000) that the high turnover rate of
fish in the backwater results from movements via
the connection between the river and the back-
water. The species caught in the connection in
greatest numbers (perch, roach) in the current
study were those previously found to have the
highest turnover rate, and those captured in lower
numbers (rudd, pike) had lower turnover rates in
the mark-recapture study (Hohausova 2000).

1. Los movimientos entre el rio Morava (Republica Checa) y
un meandro recientemente rehabilitado fueron examinados
en Rutilus rutilus, Perca fluviatilis, Scardinius erythrophthal-
mus, Alburnus alburnus 'y Leuciscus cephalus (edad > 14).
2. Los datos fueron obtenidos utilizando dos trampas ‘back-
to-back’ durante 7 periodos de 24 horas en abril-junio de
1997. De los 170 individuos capturados, el 70% se movieron
del meandro al rio. La actividad circadiana difirié6 entre
fechas de muestreos. Mientras que A.alburnus, R.rutilus 'y
L. cephalus se movieron entre el anochecer y el amanecer,
P.fluviatilis 1o hizo durante el dia y S.erythrophthalmus
mostré actividad bi-modal (medio dia, media noche). Sin
embargo, comportamiento de rechazo en especies evasivas a
las trampas podria generar resultados erroneos.

3. Cambios en el nivel del agua, y en la temperatura e
iluminacion fueron los factores ambientales que influyeron
tanto el movimiento de los peces, como las migraciones
reproductivas, ya que sobre el 65% de los individuos captu-
rados estaban cercanos a la puesta. Excepto P.fluviatilis, la
mayor parte de estos peces se movieron del meandro al rio.
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